In the preceding papers (1-3) we have described the general properties of ADP accumulation by corn mitochondria. The transport mechanism is insensitive to C-ATR,2 the inhibitor of the AdN translocase, but is very sensitive to inhibitors of phosphate transport. Phosphate and Mg2+ are required for ADP accumulation, and questions arise as to the nature of this requirement. We report here on the specificity of the transport system for these ions, on their accumulation during ADP uptake, and on the possibility that ADP enters in exchange for phosphate. We speculate that the Mechanism of ADP accumulation in corn mitochondria is one of concerted phosphate + divalent cation + ADP uptake. The Millipore filtration procedure for determining [3HJADP uptake was as described (1). The same procedure was used for 32Pi uptake. Millipore filters were presoaked in unlabeled 2 mm ADP and/or 5 mm Pi to reduce the radioactivity absorbed by the filter from the medium.
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MATERIALS AND METHODS
Mitochondria were isolated from 3.5-day-old etiolated corn shoots (Zea mays L.) as described (1) The Millipore filtration procedure for determining [3HJADP uptake was as described (1) . The same procedure was used for 32Pi uptake. Millipore filters were presoaked in unlabeled 2 mm ADP and/or 5 mm Pi to reduce the radioactivity absorbed by the filter from the medium.
For determining if accumulated phosphate would exchange for ADP, the mitochondria were preloaded with 'Pi by incubation at room temperature for 11 min with about 12 mg protein in 9 ml of the basic medium containing 10.7 mM K 32Pi, 15 ,Ig oligomycin, 60 Amol NADH, and 4 mm MgCl2. The mitochondria were collected by rapid centrifugation of 0.8-ml aliquots in an Eppendorf 5412 centrifuge; the pellets were rinsed with cold 0.2 M sucrose, and then resuspended in 0.8 ml basic medium in the centrifuge tubes containing oligomycin, NADH, and MgCl2 at the same concentrations used during loading. Additions were made as indicated in Figure 2 , and after 3-min incubation the mitochondria were collected by rapid centrifugation. The final pellets were dissolved in formic acid and counted as previously reported (18) .
The Mg2" content of mitochondria was determined by using a Jarrell-Ash model 82-700 atomic absorption spectrometer. Extracts of mitochondria were collected in 12% trichloroacetic acid by using the silicone oil method as described (3) . Final aliquots, where Mg2+ was measured, had a final concentration of 6% trichloroacetic acid and 0.8% SrCl2.
Radioactivity was measured in a Beckman LS-230 scintillation counter (1) . Mitochondrial protein was determined by the method of Lowry et al. (15) , using BSA (fraction V) as a standard.
[3H]ADP and 32Pi were purchased from New England Nuclear, C-ATR from Boehringer, nucleotides, Tes, and BSA from Sigma, and all other reagents were analytical grade. (1); it has the same Km as active uptake (3) . After the addition of NADH there was rapid 32Pi uptake in approximately a 1:1 ratio with ADP. However, 3Pi uptake was not changed by omission of ADP from the medium, and thus there is no indication that ADP influences the uptake of phosphate or that the ratio has any special significance. Experiments done later with a new lot of corn seed gave different ratios (Table I) . Table I shows the response to inhibitors (mersalyl and Nethylmaleimide) and a promotor (rotenone) of phosphate transport, which also act on ADP uptake (3) . In all cases the ADP/Pi uptake ratio was lowered from the control value of0.77. Evidently, ADP uptake is linked in some fashion with phosphate uptake, but there is no fLxed stoichiometry to the process. Fig. 2A) , and it must be concluded that it is the exogenous Pi in Figure 2B which has promoted [3H]ADP influx. It should be emphasized that except for the preloading with 32Pi, these mitochondria were treated exactly like those for ADP uptake experiments (Mg2+, oligomycin, and NADH were present) and under these conditions we find 32Pi leaving the matrix in exchange for exogenous Pi, but not in exchange for [3H]ADP.
Corn mitochondria isolated in phosphate buffer have 3-to 4-fold more endogenous phosphate than mitochondria isolated in Tes buffer (8, 9) . However, high endogenous phosphate mitochondria did not show energy-linked [3H]ADP uptake until phosphate was added and were not superior to low phosphate mitochondria (data not shown). In previous experiments (1) mitochondria which were preincubated and loaded with phosphate, followed by treatment with mersalyl to block further phosphate transport, showed Table IV (performed in the same conditions), approximates 0.7 for the net ADP uptake. Carafoli et al. (6) reported for liver mitochondria that the uptake of ADP (or ATP) was quite sensitive to atractyloside at 0.3 mm Ca2+, but became relatively insensitive as the Ca2+ concentration was raised to 3 mm. Since we find that ADP uptake is insensitive to carboxyatractyloside, which is more effective than atractyloside with plant mitochondria (19), we checked ADP uptake using Ca2+ as the activating cation. Figure 3 shows that C-ATR is ineffective as an inhibitor over the range of 0.3 mm to 4.0 mm Ca2+. The response to Ca2+ appears to be biphasic compared with Mg2", which is not biphasic (1).
An important finding with respect to Ca2'-activated ADP uptake is shown in Table V ; there is no need to block ATP formation with oligomycin and/or C-ATR to secure extensive ADP accumulation, as is the case with 4 mm Mg2+ (1). However, just as with Mg2+, the Ca2+-activated ADP uptake requires phosphate. Apparently, ATP formation is being blocked by the presence of 4 mm Ca2 . Our laboratory has reported that mm concentrations of Ca2+ inhibit ATP formation in corn mitochondria by diverting respiratory energy into calcium phosphate uptake (I 1). The Ca2+/Mg2+ ratio determines the extent to which phosphate is diverted from ATP formation (I 1). Thus, Ca2+ alone produces the same response as Mg2+ plus oligomycin: diversion of energy from ATP formation into ion transport.
DISCUSSION
It is clear that the C-ATR-insensitive accumulation of ADP involves the simultaneous uptake of ADP, phosphate, and Mg2+.
We can find no evidence to support our initial suggestion (1) that ADP might enter in exchange for phosphate; the required phosphate must be in the medium and be transported inward with the ADP. If phosphate transport is blocked, so is ADP transport.
Similarly, Mg + must be in the medium for maximum transport, but since there is no specific inhibitor for Mg2e transport it is not possible to demonstrate that the Mg2+ transport is required. Mg2+ promotes phosphate uptake (1) , and it may be that Mg2+ promotion of ADP uptake lies with phosphate transport.
But if this is the case, why is there no consistent stoichiometry between phosphate and ADP uptake? A partial answer is that phosphate uptake is quite independent of ADP uptake (Fig. 1) , and thus can be varied independently of ADP transport. Note, e.g. the large increase in 32Pi uptake induced by rotenone with only a small increase in [3H]ADP uptake (Table I) Table V . (Table II) , which is to be expected on the basis of its ready transport via the phosphate transporter (5) . Sulfate shows a little activity, and again this might be expected since sulfate in the absence of phosphate enters on the phosphate transporter, but with low efficiency (4). Mg2+ can be effectively substituted by Mn2+, a not uncommon finding in biochemical reactions involving phosphate transfer. As a generalization, the ADP accumulation can be secured with an anion which will enter on the phosphate transporter plus a divalent cation with the relative efficiency governed by ion species. It is significant that citrate is a competitive inhibitor of the ADP transport (3), which indicates that the third component of the transport system may be generalized as a trivalent anion ofsuitable molecular configuration.
What manner of transport is this? It certainly does not conform with the widely accepted substrate exchange transport mechanisms introduced by Chappell (7) and generally accepted for plant mitochondria (12, 23) . It cannot be dismissed as irrelevant because it will function under state 3 conditions to increase the AdN content of the mitochondria (3) and because no other mechanism has been described for net AdN transport. The initial work of Carafoli et al. (6) suggests to us that this transport mechanism may not be confined to plant mitochondria (see particularly the control experiments using Mg2' and phosphate with succinate as substrate). On the basis of inhibitor studies one can assume that the phosphate transporter is involved but that the AdN and tricarboxylate transporters are not, unless we are seeing undescribed properties of these carriers. One possibility is that under conditions of high proton-motive force, and with Mg2' bound to the anions (and probably shielding negative surface charge on the membrane), there is a concerted proton-driven symport of Pi and ADP with bound Mg2+. The most likely candidate for the carrier is the phosphate transporter, which should be studied more exhaustively with respect to its anion transport specificity (13) . There is also the alternative possibility that a special trivalent anion carrier exists which acts cooperatively with the phosphate transporter.
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